ABSTRACT
Discovery of Antifungal Constituents from the Miao Medicinal Plant

Introduction 1 2
Tinea pedis, known as athlete's foot, is a skin disease that causes foot infections of about 15% contagious and infects the feet and the interdigital areas. It is most commonly caused by the fungus 5 Trichophyton rubrum in a tropical or subtropical region where a high humidity may allow the 6 fungus to thrive. Other pathogenic fungi, such as Epidermophyton floccosum and T. interdigitale 7 may cause similar skin infection symptoms on the feet. The incidence rate of tinea pedis is very 8 high in southern and southwestern China. In some areas, up to 50% of the population is found to be 9 infected by the skin disease (Chen et al., 2012; Yang and Wang, 1998) . 10 In 2010, we launched a research program to explore the medicinal plants used by Chinese 11 minorities in Guizhou Province, a subtropical area in the southwest of China. Most rural areas of 12 Guizhou are economically underdeveloped, and their medical care heavily relies on folk medicines In our field trips to Leigong Mountain, we discovered that although the area has a high 25 incidence rate of tinea pedis due to the high humidity, the local Miao have suffered less from this 26 disease. We further learned from Miao healers that, to counter the fungus based athlete's foot 27 disease, the Miao used an herbal plant that could effectively defend against the disease. The plant, 
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The plant species was investigated previously by two research groups, which led to the However, no biologically active compounds have been reported from this plant species. We thus 38 carried out the present study in order to determine the antifungal constituents of the plant. 
Materials and methods
43
General Experimental Procedures
The air-dried powder of the twigs and leaves of I. flavidus (5.5 kg) was percolated with 95%
22
MeOH at room temperature (3 × 10 L), and the crude extract (556 g) was subjected to silica gel 8 (broad doublet of doublet), ddd (doublet of doublet of doublet), brddd (broad doublet of doublet of doublet), 9 brtd (broad triplet of doublet), brdq (broad doublet of quartet), and m (multiplet). 10 b Multiplicities in parentheses represent: s (quaternary carbon), d (CH), t (CH2), and q (CH3). 11 c The NMR assignments may be interchangeable between the two carbons. 12 13 2.5. Single crystal X-ray data and structure of fladin A (1) 14 15 Crystal data of 1 (from MeOH): space group P212121, C20H30O3×2, M = 636.88, a = removed by inversion over a waste tray and the biofilm was washed three times by submersion.
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The biofilm was then stained for 10 minutes at room temperature with 100 μL 0.1% crystal violet in the OD550 of control wells that were untreated with the test agents. 4 5 3. Results and discussion 6 7 
Isolation of fladin A (1) and lophanic acid (2)
8 9
Previous phytochemical studies showed that the plants in the Isodon genus (Lamiaceae) were 
Elucidation of the chemical structure of fladin A (1)
27 28
Fladin A (1) On the basis of these data and chemotaxonomic considerations, 1 was determined to be a 3 diterpenoid. In the HMBC spectrum (Fig. 2) , the presence of the correlations from the vinyl methine proton assigned the vinyl group at C-13.
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The presence of the HMBC correlations of the alkenyl proton signal H 5.42 (H-7) to C-5, C-9, 13 and C-14 determined the trisubstituted carbon-carbon double bond to be at C-7 and C-8. The 
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To determine the absolute configuration, 1 was crystallized in MeOH to afford a colorless crystal of the orthorhombic space group P212121, which was analyzed by X-ray crystallography.
1 Through structural refinement (Flack, 1983; Flack and Bernardinelli, 2008) , the absolute 2 configuration of 1 was authenticated by the measurement of the Flack parameter. In our study, the allowing an explicit assignment of the absolute structure as shown in Fig. 3 (Zou et al., 2012) . In 5 contrast to the absolute configuration of an isopimarane diterpene, the chiral center of C9 in 1 was 6 inversed (Fig.4) . The four chiral centers, C-5, C-9, C-10, C-13, were thus determined as R, S, S, S, 7 respectively. Accordingly, the structure of 1 was established as 3-(4, 10, 10, (Table 2 ). Fladin A (1) and lophanic acid (2) were further found to be able to breakdown the formed Supplementary data associated with this article can be found in the online version at http://xxx Hotta, K., Chen, X., Paton, R.S., Minami, A., Li, H., Swaminathan, K., Mathews, I.I., Watanabe, K., 
